This paper empirically investigates the pricing factors and their associated risk premiums of commodity futures. Existing pricing factors in equity and bond markets, including market premium and term structure, are tested in commodity futures markets. Hedging pressure in commodity futures markets and momentum effects are also considered. While the literature has studied these factors separately, this study combines these factors to discuss their importance in explaining commodity future returns. One of the important pricing factors in equity and bond markets is liquidity, but its role as a pricing factor in commodity futures markets has not yet been proven. The risk premiums of two momentum factors and speculators' hedging pressure range from 2% to 3% per month and are greater than the risk premiums of roll yield (0.8%) and liquidity (0.5%). The result of a significant liquidity premium suggests that liquidity is priced in commodity futures.
Introduction
Commodity investment is increasingly popular among investors, as indicated by rapid innovations in related investment vehicles and rising trading volume (e.g., Dwyer et al. 2011; Basu & Miffre, 2013) . The Goldman Sachs Commodity Index (GSCI) has been moving up over the past thirty years as shown in Figure 1 . The popularity of commodity investment is attributed to increasing market demand for alternative asset classes that target aggressive returns and asset diversification. Commodity investment was further stimulated during the 2008 global financial crisis, in which stock markets shrank and bond markets offered historically low returns because of extensive expansionary monetary policies.
[Insert Figure 1] The study of the determinants of commodity prices is an important area that has not yet been fully explored. In this paper, risk premiums for commodity futures are inferred using the following factors: market premium, momentum effects, term structure and hedging pressure. The factors are tested in turn to uncover their importance in explaining commodity futures returns.
Liquidity is a pricing factor in equity and bond markets, but its role in commodity futures markets remains ambiguous. This paper makes the first attempt to address this issue. In the equity literature, the positive relationship between stock returns and equity market illiquidity has been documented for decades. Amihud and Mendelson (1986) use bid-ask spread to measure stock liquidity. It is found that average stock returns increase with the spread, where a wider spread represents higher illiquidity. Their result remains significant when compared to the Fama-MacBeth (1973) benchmark. Brennan and Subrahmanyam (1996) discover a positive relationship between monthly stock returns and stock illiquidity measures constructed from intraday data, after controlling for the Fama and French factors and the stock price level. This relationship is attributed to the illiquidity cost for excess demand from uninformed investors, implying that the required rates of return are higher for illiquid stocks. Amihud (2002) proposes a new measure of liquidity, which is defined as the ratio of the absolute daily return of a stock to its daily dollar trading volume averaged over a period. This measure provides a convenient way of measuring liquidity for low frequency data. Amihud (2002) shows that this new measure is capable of explaining differences in excess returns across different stocks.
Despite the importance of commodity investment in modern financial markets, its pricing factors are rarely explored. This paper empirically tests pricing factors in commodity futures. We find a significant liquidity premium in commodity futures using liquidity change instead of the liquidity level as pricing factor. The remainder of the paper is organized as follows. Section 2 provides a literature review on pricing factors. Section 3 describes the data and defines futures returns. Section 4 illustrates the multifactor models. Section 5 defines the risk factors, presents the factor sorted portfolios, and reports the results. Finally, Section 6 concludes the paper and provides suggestions for future research.
Literature Review
Commodity futures markets have received increasing attention in recent years. The pricing factors found in traditional asset classes, including market premium and term structure, have been tested in commodity futures. Hedging pressure is found to have an effect on returns, and momentum effects are documented for commodity futures. This paper combines these factors to assess their importance in explaining commodity futures returns. Apart from the existing factors, this paper also investigates the liquidity factor, a proven pricing factor in stock and bond markets, in commodity futures markets.
According to the classic capital asset pricing model (CAPM), market premium is an important factor in explaining asset returns. The excess return of a commodity futures market portfolio, which is usually represented by commodity indexes such as the GSCI or an equally weighted futures portfolio, has been used as the market premium in the literature (e.g., Miffre & Rallis, 2007; Fuertes et al. 2010; Hong & Yogo, 2012; Yang, 2013) . However, it has been found that market premium alone cannot explain commodity futures returns. Introducing relevant pricing factors can improve the performance of the commodity CAPM.
Momentum is recognized in the literature (e.g., Fuertes et al., 2010; Basu & Miffre, 2013) as a signal for the generation of abnormal returns, because certain degrees of autocorrelation exist in commodity futures returns.
2 Returns tend to be positively autocorrelated in the short term. Thus, futures with high (low) returns in the past tend to continue to have high (low) returns. This short-term return continuation is followed by a long-term return reversal, wherein futures with high returns in the past tend to have low long-term returns. Momentum strategies with holding periods of less than a year tend to generate abnormal returns. Momentum is an effect observed in the markets, and certain factors drive momentum. Unfortunately, these factors remain ambiguous in commodity futures markets. A possible explanation is the sentiment theory, which suggests initial under-reaction and delayed over-reaction. Under-reaction and over-reaction hinder instantaneous price adjustments. Moskowitz, Ooi and Pedersen (2012) Basu and Miffre (2013) find that momentum is not priced across commodity futures.
Interestingly, the past-week return is significantly and positively serial correlated with the current return, implying that eliminating momentum as a factor may not be appropriate.
For time-series momentum, Moskowitz et al. (2012) document strategies that generate substantial abnormal returns in commodity futures markets. Time-series momentum is significantly and positively related to, but not fully captured by, cross-sectional momentum. They show a significant marginal effect of cross-sectional momentum on time-series momentum. The two types of momentum are not identical, so the two momentum factors should be priced separately. Furthermore, a link is found between time-series momentum and hedging pressure, which indicates that speculators profit from time-series momentum at the expense of hedgers. In contrast, Hong and Yogo (2012) argue that the last-month returns can partially predict futures returns, but the predictability is derived from open interest.
Term structure affects commodity futures returns. It describes the relationship between futures prices and the maturity of futures contracts and is captured by the futures curve. Futures in backwardation (a downward sloping futures curve) generally generate higher returns than futures in contango (an upward sloping futures curve). Prices of backwardated futures increase as time passes and future maturity reduces. This means positive returns for long positions of backwardated futures. A similar explanation applies to long positions of contangoed futures. Term structure refers to the slope of the futures curve, which can be measured by basis. The basis is the difference between the spot price and the futures price, scaled by the maturities of the futures contracts. Fuertes et al. (2010) identify term structure signals in basis from long backwardated and short contangoed futures. The term structure signals generate a substantial abnormal return of 12.66% annually. Hong and Yogo (2012) note that basis significantly predicts futures returns in all of their model specifications, in which futures in backwardation have relatively high returns. Yang (2013) sorts commodity futures into seven equally weighted portfolios by basis with a monthly rebalance. He discovers a statistically significant annual excess return difference between high-and low-basis portfolios. Basu and Miffre (2013) show that term structure remains a significant factor after controlling for hedging pressure and momentum. The structure is measured by roll yield, which is the natural log difference between the nearest and the second-nearest futures prices. The overwhelming returns associated with term structure strategies suggest that term structure is priced in commodity futures.
Hedging pressure, the relative sizes of hedging demand and supply in commodity futures markets, is another factor that determines futures returns. Hedgers use futures for hedging, whereas speculators provide hedging services for investment purposes. One measure of hedging pressure is the ratio of the number of long open interest to the total number of open interest. This measures the relative long and short positions of hedgers and speculators in the markets. If the hedging demand is larger than the supply, the hedgers should provide a higher risk premium to the speculators for taking opposite positions (Keynes, 1930; Hicks, 1939) . Hong and Yogo (2012) Fuertes et al. (2010) discover that trading volume and its percentage change fail to explain abnormal returns brought about by momentum and term structure. Recent papers including Belke et al. (2012) , and link global financial liquidity and financialization to commodity price movements. However, the results are mixed. Sheldon and Chan (2016) show that the impact of financialization on realized volatility varies across commodity type. The analysis of index investment and speculator's positions in futures markets shows that financialization is generally negatively correlated with the realized volatility of non-energy commodities. The result for the energy commodities shows an opposite sign. Global liquidity and financialization require further investigation and beyond the scope of this paper. This paper focuses on the financial liquidity of specific markets.
Given the importance of liquidity as a pricing factor in equity and bond markets, its ambiguous role in commodity markets deserves further investigation. Marshall et al. (2012) show that the Amihud measure of liquidity based on return and trading volume is superior to other liquidity measures because it has the largest correlation with the liquidity benchmark. Therefore, the Amihud measure of liquidity is herein adopted.
Recent studies discover the important roles of the basis and momentum factors in pricing commodity futures (Bakshi et al. 2014 , Szymanowska et al. 2014 , and Yang 2013 . Daskalaki et al. (2014) on the other hand find that none of the asset pricing models based on macroeconomic or equity-motivated tradable factors including the liquidity level is successful in explaining individual commodity's returns. As a robustness test, their commodity type portfolios also reveal the same deficiency in the asset pricing models. This paper tests the pricing factors in commodity futures using factor sorted portfolios. Our analysis differs from other studies by using liquidity change instead of the liquidity level as pricing factor. We also extend Daskalaki et al. (2014) 's data to incorporate other commodities from the energy sector including natural gas, coal, gasoline, and electricity.
Data
Commodity futures Monthly data are selected to test asset pricing models, as the models describe medium-to long-term relationships between returns and risks.
The sample covers 26 commodities in total, with the commodities coming from the following four categories: energy, metal, agriculture and livestock. These commodities are widely traded on major exchanges, and hence serve as representatives of the markets. A commodity futures contract has a maturity date. To construct a time series of futures prices, we roll over the prices of consecutive contracts of the same commodity. The time series starts at the nearest contract month which forms the first and subsequent observations of the price series. It ends when the contract expires or on the first business day of the notional contract month, whichever comes first. The price from the second-nearest contract month is therefore used. This rolling-over method mitigates liquidity and market microstructure issues. Contract prices prior to the maturity date are subject to liquidity and market microstructure problems and are not used to test the asset pricing models.
A futures return is defined as the fully collateralized return of longing a futures contract. When opening a long position in a futures contract, an investor must deposit a cash amount equivalent to the notional amount of the futures contract as collateral. The deposit can earn interest at a risk-free rate of the Treasury bill R f,t at time t. The fully collateralized return is a sum of percentage change of futures prices and the risk-free rate. For commodity i, the futures price at time t with maturity T is denoted by , , . Therefore, the futures return of longing a futures contract is
The corresponding excess futures return is
The use of a margin account is common in futures trading. It allows the investment of a principal amount, known as the initial margin, to be less than the notional amount of the futures contract.
Margin trading involves leverage. Therefore, futures returns can be exaggerated, and hence are not a proper measure. The fully collateralized return is not subject to the leverage effect or the involuntary liquidation of futures positions because collateral can be used to pay off margin calls. Table 1 summarizes the statistics of commodity futures in the sample. The returns are fully collateralized returns. Futures returns are positively correlated across commodities over time. The average correlation of the returns of one commodity with other commodities, presented in the last column, ranges from 0.06 to 0.36.
[Insert Table 1] 4. Methodology
Risk Factors and Portfolios Sorted by Factors
This paper tests five pricing factors, namely cross-sectional momentum, time-series momentum, speculators' hedging pressure, roll yield, and liquidity. The factors are defined and their single-sorted portfolios are presented. The first step in observing the correlation between risk premiums and the factors is through single-sorted portfolios. If a factor is related to the average return, an average return spread should be presented across factor-sorted portfolios. Portfolios sorted by a factor can also be viewed as trading strategies, with these factors being treated as trading signals.
each of the other four factors individually. Available commodity futures are sorted by a factor at the end of month t, and the futures then grouped by four percentiles. Futures between two percentiles are grouped into one of five portfolios, namely <20th, ≧20th and <40th, ≧40th and <60th, ≧60th and <80th, and ≧80th. At the end of month t+1, the returns of these futures from t to t+1 are compiled.
The return of a portfolio is the equally weighted return of all the futures within the portfolio. Portfolio rebalancing is done monthly. Available commodity futures are again sorted by the factor at the end of month t+1 by repeating the same procedures. Portfolios sorted by time-series momentum are constructed using similar procedures. Available commodity futures are grouped into two portfolios according to whether the sign of their previous 12-month returns is positive or negative.
Factor-based long-short strategies are formed. The long-short strategy is a combination of fully collateralized long and short strategies with equal investment capital in each strategy. The return of longing the portfolio with the largest factor and shorting the portfolio with the smallest factor is the return spread between the two extreme portfolios. The excess return of a long-short strategy lends support to the usage of a particular factor in factor pricing models. The excess return of a long-short strategy of longing portfolio i and shorting portfolio j is
Multifactor Models
This paper studies the rationale underlying the variation in average returns across commodity futures. Average returns are products of two components: degree of futures exposure to systematic risks, and risk premiums associated with systematic risks. A commodity futures contract, which either has a large degree of risk exposure or is exposed to risks that offer high premiums, has a high average return. Futures returns are illustrated by multifactor models with a two-stage regression (Cochrane, 2005) to identify the degree of risk exposure of futures and the risk premiums.
A two-stage regression, as the name suggests, consists of two stages in which excess returns of factor sorted portfolios, instead of individual commodity futures, are the explained variables. Factor sorting can reduce portfolio variance and facilitate the detection of average return differences. Betas of futures portfolios are usually more stable than those of individual futures.
The first stage is a time-series regression for quantifying the exposure of futures portfolios to risk factors. Excess returns of futures portfolios sorted by factors, including cross-sectional momentum, time-series momentum, speculators' hedging pressure, and roll yield, are regressed on factors as
where j = 1,2,…, m. m is the number of commodity futures portfolios and it equals 17. The time t starts in February 1986 and ends in December 2013. is a vector of factors that are the excess returns of the long-short strategies. is a vector of parameters that capture the degree of risk exposure of futures.
The second stage is a cross-sectional regression for estimating the risk premiums of risk factors. Average excess returns of futures portfolios are regressed on risk exposure measured by as
where j = 1,2,…, m. is a vector of factor risk premiums that are not portfolio-specific. Five equations are estimated. Equation 6 is the commodity CAPM. Equations 9 and 10 including all factors are compared to the models without liquidity factor in Equations 7 and 8. If the insertion of liquidity factor improves estimation performance, it supports that liquidity is a key factor.
The regression error is an abnormal return that the identified risk factors are not able to explain.
If the model is correct in explaining returns, the abnormal returns cannot deviate significantly from zero. Asset pricing theory suggests that the zero-beta excess return should be zero. This restriction is imposed, so there is no intercept in the cross-sectional regression.
Results

Risk Factors and Portfolios Sorted by Factors
The five pricing factors examined in this paper generate return spreads in sorted portfolios and significant returns in their long-short strategies. Therefore, it is likely that the factors are important pricing factors in commodity futures.
Cross-Sectional Momentum
Cross-sectional momentum is an effective strategy that leads to abnormal returns in stock, bond and commodity futures markets. Capturing cross-sectional momentum in asset pricing models can account for a part of unexplained abnormal returns. Cross-sectional momentum is the relative return performance of commodity futures in the cross-section. Fuertes et al. (2010) , Moskowitz et al. (2012) , and Basu and Miffre (2013) find commodity futures that performed well in generating returns in the past (generally the past three to twelve months) continue to outperform other futures in subsequent months.
In order to have a cross-sectional momentum measure for factor construction, the momentum strategy of a 12-month ranking period and a 1-month holding period is chosen. At the end of month t, the futures returns for months t to t-11 are observed and used to rank the futures. The futures are held for a month, and the returns for month t+1 are realized at the end of month t+1. This choice of momentum strategy is based on the convention in the cross-sectional momentum literature (e.g., Miffre and Rallis, 2007) . Table 2 presents the key moments of five portfolios sorted by cross-sectional momentum. Portfolio returns increase with momentum, and the highest cross-sectional momentum portfolio (≧80th) produces about a 6% monthly return in excess of the lowest momentum portfolio (<20th), with statistical significance. The long-short strategy generates about 3% monthly returns, which are statistically significant. Futures with relatively high (low) returns for the previous twelve months (t to t-11) tend to have high (low) returns for the following month, t+1. Thus, cross-sectional momentum should be properly accounted for in modeling futures returns.
[Insert Table 2 ]
Time-Series Momentum
Time-series momentum is related to, but different from, cross-sectional momentum. Time-series momentum focuses on past futures returns without a cross-sectional comparison. Commodity futures with positive returns in the previous three to twelve months continue to generate positive returns in the subsequent months. The time series momentum may also capture the value effect in Asness et al. (2013) where the value effect is defined as the five-year difference of spot prices.
The momentum strategy of a 12-month ranking period and a 1-month holding period is again chosen to define time-series momentum. This choice is consistent with the choice of cross-sectional momentum. The strategy has been proved to generate significant returns-see, for example, the paper by Moskowitz et al. (2012) . In some cases, there is no negative return from commodity futures in the last 12 months; therefore, no futures are shorted during these time periods.
The key moments of the two portfolios sorted by time-series momentum are presented in Table 3 .
Portfolio returns increase with the time-series momentum, and the portfolio with the positive time-series momentum offers an approximately 3.7% monthly return in excess of the portfolio with the negative momentum. The long-short strategy generates nearly 2% monthly returns, with statistical significance. Futures with positive returns for months t to t-11 tend to have positive returns for month t+1. Similarly, futures with negative returns for months t to t-11 tend to have negative returns for month t+1. These observations suggest that time-series momentum should be properly accounted for when modeling futures returns.
[Insert monthly return in excess of the lowest hedging pressure portfolio (<20 th ). The long-short strategy once again generates significant monthly returns of 3%. Thus, speculators' hedging pressure plays an important role in determining monthly futures returns.
[Insert Table 4 ]
Roll Yield
Roll yield is the natural log difference between the nearest and the second-nearest futures prices. Roll yield measures the slope of the front portion of the futures curve. Based on Basu and Miffre (2013) , this paper uses roll yield to capture term structure: a positive roll yield indicates a downward sloping futures curve, and a negative roll yield denotes an upward sloping futures curve. Table 5 shows that the highest roll yield portfolio (≧ 80 th ) produces a 1.5% monthly return in excess of the lowest roll yield portfolio (< 20 th ), which is statistically significant. Backwardated futures have higher returns than contangoed futures. The long-short strategy generates approximately 1% of monthly returns, with statistical significance. The results lend support to using roll yield as one of the pricing factors in commodity futures.
[Insert [Insert Table 6] The key moments of the five portfolios sorted by liquidity change are presented in Table 7 . The ≧ 80th and <20th portfolios include commodity futures with the most positive and the most negative liquidity change, respectively. Portfolio returns increase steadily with liquidity change. The portfolio with the most positive liquidity change offers approximately 0.6% monthly returns in excess of the one with the most negative liquidity change. The long-short strategy generates approximately 0.6% monthly returns, with statistical significance, and its Sharpe ratio outperforms that of the GSCI market portfolio. This suggests that liquidity change is a potential pricing factor for futures returns.
[Insert Table 7 ] Table 8 provides the correlation table of the factors. In the last column, the correlation figures between the liquidity factor and the other factors range from -0.055 to 0.042 with low significance.
Liquidity is not highly correlated with the other factors, which suggests that liquidity may be an independent driver of returns. The high correlation between cross-sectional momentum and time-series momentum is expected because commodity futures outperforming the peer group tends to have positive returns in the past. However, such a high correlation between the two momentum factors suggests that the two factors should not be incorporated into the same regression simultaneously because of multicollinearity.
[Insert Table 8 ]
Results of Multifactor Models
This section reports the test results of the two-stage regression. It is found that, in the time-series regression (Tables 9 to 12 ), the multifactor models outperform the commodity CAPM by improving the goodness of fit and reducing abnormal returns. The betas of the sorting factors are found to be significant in both the top and bottom percentiles. The liquidity change beta is always significant and positive after considering other factors. In other words, liquidity is an important risk factor in modeling commodity futures returns. The correlations between the liquidity factor and the other factors are below 0.1. As a result, liquidity may be a driving force of returns that is distinct from the other factors. In the cross-sectional regression (Table 13 ), multifactor models again outperform the commodity CAPM and the risk premiums of the discovered factors are significant. Moreover, the addition of the liquidity factor can improve models with cross-sectional momentum. Based on such evidence, liquidity may be a pricing factor in the cross-sectional regression.
Tests of Time-Series Regression
Tables 9 to 12 present the results of the time-series regressions with the explained variables as the excess returns of futures portfolios sorted by cross-sectional momentum, time-series momentum, speculators' hedging pressure, and roll yield, respectively. The GSCI is the proxy for the commodity market portfolio. The tests of the commodity CAPM are presented in the upper panels of the tables, whereas the tests of the multifactor models are in the lower panels.
The commodity CAPM cannot explain the returns because the excess returns of the GSCI portfolio are generally insignificant in explaining futures returns at the 5% level. The regression intercepts that represent abnormal returns are significant at the 1% level in more than half of the regressions. This implies that a certain portion of the excess returns of futures portfolios remains unexplained by the market premium. In addition, the adjusted R-squared ranges from -0.0021 to 0.0255 for the results of hedging pressure in Table 11 . Relatively small values of adjusted R-squared suggest that the market premium alone is not sufficient to explain the commodity futures returns.
Given the inefficiency of the commodity CAPM, multifactor models are proposed. The multifactor model is used to study the importance of liquidity given the existing pricing factors. Compared with the commodity CAPM, the multifactor models perform better as the regression intercepts that represent abnormal returns are all insignificant at both the top and bottom percentiles. This finding suggests that excess returns of futures portfolios are well explained by the proposed factors. Moreover, the adjusted R-squared greatly improves in the multifactor models. The beta of the pricing factor in the multifactor models is generally significant in revealing the excess returns of the portfolios sorted by that corresponding factor. This result is predictable, since the factor used to sort portfolios should account for the excess returns of those portfolios.
The liquidity factor is always significant and positive in the multifactor models. This implies the existence of liquidity risks in commodity markets. If the commodity futures markets suffer from high liquidity risks because of economic downturns or unfavorable market sentiment, the return spread between illiquid and liquid futures widens. In such a situation, futures tend to offer higher returns because of higher liquidity premiums.
[Insert Table 9] [Insert Table 10] [Insert Table 11] [Insert Table 12 ]
Tests of Cross-Sectional Regression
In the second stage, the expected excess returns of futures portfolios are regressed on the corresponding betas obtained from the first stage to estimate the risk premiums. If the beta of a factor does not exist in the second-stage model, that factor is excluded in the first stage. Test results of the commodity CAPM and the multifactor models are presented in Table 13 . For the commodity CAPM, the adjusted R-squared is negative, and the root-mean-squared error (RMSE) approximating the average abnormal returns of the portfolios is 1.68% per month. These observations suggest that the commodity CAPM is not suitable for capturing the dynamics of futures returns.
Models (2) and (3) are multifactor models with the discovered pricing factors only. The two multifactor models greatly enhance the commodity CAPM by improving the adjusted R-squared to almost 0.9 and lowering the RMSE to approximately 0.5% per month. All the risk premiums in the two models are significant, which means that all discovered pricing factors are priced in the market, as reported in the literature. The two models are compared to models (4) and (5) to examine the importance of liquidity factors using an F-test, and its p-values are presented in the last column. For instance, model (2) is nested in model (4) so the F-test can be performed to compare the two models.
Comparing models (4) and (5), the cross-sectional momentum factor is superior to the time-series momentum factor according to the relatively high adjusted R-squared and the low RMSE. Comparing models (2) and (4), the addition of liquidity can improve the adjusted R-squared from 0.88 to 0.93 and reduce the RMSE from 0.5% to 0.37%. The liquidity risk premium is significant at the 10% level in model (4) with t-statistics of 1.68; the F-test has a p-value of 0.009, indicating the importance of the liquidity variable. These results suggest that liquidity is a pricing factor in determining commodity futures portfolio return.
The addition of the liquidity factor in models (2) and (4) with cross-sectional momentum can improve the models, but this improvement is not observed in models (3) and (5) with time-series momentum. Based on the individual t-test, liquidity risk premium with the time-series momentum is not significant as a factor. The estimated factor risk premiums in the models are close to the average excess returns of long-short strategies formed by the factors that are discussed in Section 4. The negative market premiums in models (4) and (5) are unexpected. The negative value, together with the insignificance of the market premiums, may empirically imply that market premium is not a constituent of commodity futures returns.
[Insert Table 13 ]
Conclusion
Significant betas and risk premiums are associated with momentum effects, term structure, and speculators' hedging pressure. However, our results show that market premium is not an important component in explaining commodity futures returns. The risk premiums of the two momentum factors and speculators' hedging pressure range from 2% to 3% per month. The risk premiums of roll yield and liquidity are smaller, with values of around 0.8% and 0.5% respectively.
Liquidity is important in equity and bond markets, but its role as a pricing factor in commodity futures markets has not yet been proven. In single-sorted portfolios based on the liquidity factor, expected portfolio returns increase with a reduction in liquidity. This suggests that liquidity change is a potential factor that affects returns. In periods of liquidity reduction, commodity futures portfolios offer higher liquidity premiums and higher returns. The long-short strategy of the liquidity factor produces a higher Sharpe ratio than the buy-and-hold strategy.
Multifactor models with a two-stage regression (Cochrane, 2005 ) are applied to model the degree of futures risk exposure and the risk premiums. The beta of liquidity change is significantly positive after considering other factors, thereby showing the importance of liquidity as a risk factor in modeling commodity futures returns. Low correlations between the liquidity factor and other factors indicate the unique contribution of liquidity as a driving force for futures returns. In the second-stage cross-sectional regression, the risk premiums of all factors including liquidity are significant. Therefore, our results conclude that liquidity is priced in commodity futures.
Various liquidity measures using high-frequency data, such as bid-ask spread and market depth, have been proposed in the literature by, for instance, Marshall et al. (2012) . In this paper, we test the Amihud measure of liquidity in commodity futures using monthly data. Future research along this line can investigate a broader range of liquidity measures with the help of high-frequency data from futures exchanges. Last but not least, this paper uses relatively liquid and representative futures to study commodity futures pricing; future research may investigate a broader range of commodity futures to examine the importance of liquidity as a pricing factor in the markets. Considering multiple types of crude oil such as Dubai oil, Brent oil, and WTI oil is an example to broaden the oil category.
Other avenues worthy of exploring include two-way sorts proposed by Patton and Timmermann (2010) , global liquidity, and financialization of commodity markets . The moments are based on fully collateralized monthly returns. T-statistics are adjusted by Newey-West correction. The Goldman Sachs Commodity Index (GSCI) and the risk-free asset are included for benchmark reference.
Figures with * and ** are significant at the 5% level and 1% level respectively. The correlation figures with * are significant at the 10% level. (5) The risk premiums of the factors are presented and their corresponding t-statistics are in parentheses. Risk premia with * and ** are significant at the 5% level and 1% level respectively. The RMSE and the p-values of the F-tests are presented in the last two columns.
